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ABSTRACT: 

PROBLEM TO BE SOLVED: To enhance the charge-discharge 
cyclic characteristics 

of a lithium secondary battery equipped with a positive 
electrode using an 

active material containing manganese oxide, a negative 
electrode, and a 

non-aqueous electrolytic solution containing solute and 
solvent by suppressing 

reactions of the positive electrode active material with 
the nonaqueous 
electrolytic solution. 

SOLUTION: This lithium secondary battery is equipped 
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with a positive 

electrode 1, a negative electrode 2, and a nonaqueous 
electrolytic solution 

containing solute and solvent, wherein the active material 
of the positive 

electrode 1 consists of a lithium-manganese composite oxide 
containing boron 

and phosphorus. The solute of the electrolytic solution is 
preferably at least 

one of lithium trif luoromethanesulf onate, lithium 
trif luoromethanesulfonate 

imide, lithium pentaf luoroethanesulf onate imide, lithium 
trif luoromethanesulfonate methide, and lithium 
hexaf luorophosphate . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lithium secondary battery equipped with the 
nonaqueous electrolyte containing a positive electrode, a negative electrode, and a solute and a solvent, 
controls that the above-mentioned positive active material and the nonaqueous electrolyte in a positive 
electrode react, and has the description at the point it was made to raise the charge-and-discharge cycle 
property in a lithium secondary battery. 
[0002] 

[Description of the Prior Art] In recent years, the rechargeable battery is used in various fields, such as 
electronic equipment, and the lithium secondary battery using oxidization of a lithium and reduction of 
high electromotive force came to be especially used as one of the new style cells of high power and a 
high energy consistency. 

[0003] In such a lithium secondary battery, the occlusion of a lithium and various metallic oxides which 
can be emitted are used from before as positive active material in the positive electrode here, in recent 
years, generally discharge potential is high and the lithium secondary battery which used manganic acid 
ghosts, such as a manganese dioxide, for positive active material is examined from the point of being 
cheap. 

[0004] However, when the charge and discharge of the lithium secondary battery which used the 
manganic acid ghost for positive active material were carried out, the manganic acid ghost which is 
positive active material repeated expansion and contraction, the crystal structure broke, and there was a 
problem that the charge-and-discharge cycle property of a lithium secondary battery worsened. 
[0005] Then, in order to raise the charge-and-discharge cycle property of a lithium secondary battery of 
having used the manganic acid ghost for positive active material, in recently, As shown in JP,63- 
1 14064, A, they are a manganese dioxide and Li2 Mn03. What [ used the lithium-manganese multiple 
oxide which consists of a multiple oxide for positive active material ] What [ used the lithium content 
manganese-dioxide multiple oxide which made the lithium contain in the crystal lattice of a manganese 
dioxide for positive active material as shown in JP, 1-235 158, A ] As shown in JP,4-237970,A or JP,9- 
265984,A, what used the lithium-manganese multiple oxide which added boron for positive active 
material is proposed. 

[0006] The lithium secondary battery which was further excellent in the charge-and-discharge cycle 
property in connection with there being a problem that this positive active material still reacts with the 
nonaqueous electrolyte of a lithium secondary battery although that charge-and-discharge cycle property 
has been improved to some extent in the lithium secondary battery using the positive active material 
shown in above each official report here, and a charge-and-discharge cycle property falls by this, and 
electronic equipment being used for a long time especially like recent years came to be called for. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to solve the 
above problems in the lithium secondary battery equipped with the nonaqueous electrolyte containing a 
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positive electrode, a negative electrode, and a solute and a solvent, controls that the positive active 
material and nonaqueous electrolyte in a positive electrode react, and makes it a technical problem to 
obtain the lithium secondary battery excellent in the charge-and-discharge cycle property. 
[0008] 

[Means for Solving the Problem] In the lithium secondary battery in this invention, in order to solve the 
above technical problems, in the lithium secondary battery equipped with the nonaqueous electrolyte 
containing a positive electrode, a negative electrode, and a solute and a solvent, the positive active 
material which contains the manganic acid ghost using the lithium-manganese multiple oxide containing 
boron and Lynn in the positive active material in the above-mentioned positive electrode was used. 
[0009] And if the lithium-manganese multiple oxide containing boron and Lynn is used for positive 
active material like the lithium secondary battery in this invention, it will be prevented that it is 
controlled by the boron and Lynn which are included in positive active material at the time of charge 
that the lithium-manganese multiple oxide in positive active material reacts with nonaqueous electrolyte, 
positive active material dissolves in nonaqueous electrolyte, and the internal resistance of a lithium 
secondary battery rises, and it will be considered that the charge-and-discharge cycle property in a 
lithium secondary battery improves. 

[0010] Moreover, in the lithium secondary battery in this invention, in order to control further that 
positive active material reacts with nonaqueous electrolyte at the time of charge, as it is shown in claim 
2 as a solute of the above-mentioned nonaqueous electrolyte, the thing which is chosen from a trifluoro 
methansulfonic acid lithium, lithium trifluoromethane sulfonic-acid imide, lithium pentafluoro ethane- 
sulfonic-acid imide, lithium trifluoromethane sulfonic-acid methide, and a hexa FUROORORIN acid 
lithium and which use a kind at least is desirable. 

[001 1] Moreover, although the well-known solvent currently generally used can be used as a solvent of 
the above-mentioned nonaqueous electrolyte in the lithium secondary battery in this invention While 
controlling that nonaqueous electrolyte and the above-mentioned positive active material react 
especially At least a kind of organic solvent chosen from ethylene carbonate, propylene carbonate, 
butylene carbonate, vinylene carbonate, gamma-butyrolactone, and a sulfolane in order to raise the ionic 
conductivity of nonaqueous electrolyte, 1, 2-dimethoxy ethane, 1, 2-diethoxy ethane, 1, 2-ethoxy 
methoxyethane, It is desirable to use the mixed solvent which contains at least a kind of organic solvent 
chosen from a tetrahydrofuran, dioxolane, dimethyl carbonate, diethyl carbonate, and methylethyl 
carbonate. In addition, in the mixed solvent used for nonaqueous electrolyte, in order to control 
appropriately that above-mentioned positive active material and nonaqueous electrolyte react at the time 
of charge, it is desirable to use the thing which made two sorts of above-mentioned organic solvents 
contain more than 10 volume % at least, respectively. 

[0012] Moreover, it is made to make the mixture which mixed a boron compound, phosphorus 
compounds, the lithium compound, and the manganese compound so that the atomic ratio (B-:Li:Mn) of 
boron, Lynn, a lithium, and manganese might be set to 0.01 to 0.20:0.01 to 0. 10:0.1 to 2.0: 1 heat-treat 
under existence of oxygen in the lithium secondary battery of this invention, as shown in claim 3 in 
obtaining the lithium-manganese multiple oxide containing the boron used for positive active material, 
and Lynn. 

[0013] If it does in this way, during the crystal of a lithium-manganese multiple oxide, the range of the 
atomic ratio (B/Mn) of boron or boron [ as opposed to manganese in a boron compound ] will be 0.01- 
0.20, and the atomic ratio (P/Mn) of Lynn or Lynn [ as opposed to manganese in phosphorus 
compounds ] will come to dissolve in 0.01-0.10. 

[0014] The atomic ratio (B/Mn) of boron or boron [ as opposed to manganese in a boron compound ] 
during the crystal of a lithium-manganese multiple oxide in this way here in 0.01-0.20 If the atomic ratio 
(P/Mn) of Lynn or Lynn [ as opposed to manganese in phosphorus compounds ] dissolves in 0.01-0.10, 
by moreover, boron and Lynn in this positive active material While it is fully controlled that the lithium- 
manganese multiple oxide in positive active material reacts with nonaqueous electrolyte at the time of 
charge This boron or Lynn are not nice in a lithium-manganese multiple oxide in the boron which does 
not act on charge and discharge, and the amount of Lynn increasing too much, do not stop dissolving, 
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and the crystal structure of positive active material does not necessarily become unstable. It is controlled 
that this positive active material reacts with nonaqueous electrolyte, and the charge-and-discharge cycle 
property in a lithium secondary battery improves. 

[0015] And in manufacturing the lithium-manganese multiple oxide which contains boron and Lynn as 
mentioned above as the above-mentioned boron compound — boron oxide B-2 03, boric-acid H3 B03, 
metabolic acid HB02, the metabolic acid lithium LiB02, and 4 lithium-borate Li2 B4 07 etc. as the 
above-mentioned phosphorus compounds [ for example, ] for example, phosphoric-acid H3 P04 and 
phosphoric-acid lithium Li3 P04 etc. -- as the above-mentioned lithium compound For example, 
lithium-hydroxide LiOH, lithium-carbonate Li2 C03, lithium oxide Li2 O, and lithium nitrate LiN03 
grade can be used for a manganese dioxide Mn02, oxy-manganese hydroxide MnOOH, etc. as the 
above-mentioned manganese compound. Moreover, in obtaining the lithium-manganese multiple oxide 
containing boron and Lynn, it is also possible to use the manganese dioxide containing the phosphoric 
acid manufactured from the electrolytic bath which added the phosphoric acid besides adding 
phosphorus compounds and a manganese compound separately as mentioned above. 
[0016] Moreover, if the temperature to heat-treat is lower than 150 degrees C in heat-treating above 
boron compounds and phosphorus compounds, a lithium compound, and a manganese compound, and 
manufacturing positive active material, while boron or a boron compound and Lynn, or phosphorus 
compounds stops fully dissolving in a lithium-manganese multiple oxide, water of crystallization in a 
manganese dioxide cannot fully be removed, but this water of crystallization reacts with a lithium, and 
the shelf life of a lithium secondary battery worsens. On the other hand, if the temperature to heat-treat 
exceeds 430 degrees C, a manganese dioxide will decompose, the average valence of manganese will 
become small, the crystal structure of positive active material will become unstable, positive active 
material will react with the above-mentioned nonaqueous electrolyte, and the charge-and-discharge 
cycle property in a lithium secondary battery will fall. For this reason, in heat-treating a boron 
compound, phosphorus compounds, a lithium compound, and a manganese compound, 150 degrees C - 
430 degrees C of 250 degrees C - 430 degrees C of temperature to heat-treat are more preferably made 
into the range of 300 degrees C - 430 degrees C. 

[0017] And Li2 Mn03 which boron or a boron compound and Lynn, or phosphorus compounds 
dissolved well during the crystal of a lithium-manganese multiple oxide, and the crystal structure of a 
lithium-manganese multiple oxide did not change, but was excellent in the charge-and-discharge cycle 
property when a boron compound, phosphorus compounds, the lithium compound, and the manganese 
compound were heat-treated in this way Mn02 The compound-ized crystal structure is maintained. 
[0018] moreover, in the lithium secondary battery in this invention, as a negative-electrode active 
material used for a negative electrode For example, lithium alloys, such as a metal lithium currently 
generally used, a lithium-aluminium alloy, a lithium-lead alloy, and a lithium-tin alloy, As carbon 
materials, such as occlusion of a lithium ion, a graphite which can be emitted, and corks, etc. can be 
used and it is especially shown in claim 4 If a lithium-aluminium alloy is used for a negative-electrode 
active material, the coat which has ion conductivity on the front face of this negative-electrode active 
material by the above-mentioned nonaqueous electrolyte will be formed. It is controlled that a negative- 
electrode active material reacts with the above-mentioned nonaqueous electrolyte with this coat, and the 
charge-and-discharge cycle property in a lithium secondary battery improves further. 
[0019] 

[Example] While giving an example and explaining the lithium secondary battery concerning this 
invention concretely hereafter, in the lithium secondary battery in the example of this invention, the 
example of a comparison is given and it is shown clearly that a charge-and-discharge cycle property 
improves. In addition, the lithium secondary battery concerning this invention is not limited to what was 
shown in the following example, in the range which does not change that summary, can be changed 
suitably and can be carried out. 

[0020] (Example 1) In the example 1, while producing the positive electrode 1 and the negative 
electrode 2 as follows, nonaqueous electrolyte was prepared as follows and the lithium secondary 
battery of a flat coin mold as shown in drawing 1 was produced. 
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[0021] In producing [production of positive electrode] positive electrode lithium-hydroxide LiOH and 
boron oxide B-2 03 Manganese dioxide Mn02 containing the phosphoric acid with which the atomic 
ratio (P/Mn) of Lynn P to Manganese Mn was set to 0. 10 [ first, ] Manganese dioxide Mn02 which does 
not contain the phosphoric acid As the atomic ratio (Li:B-:Mn) of a lithium, boron, Lynn, and 
manganese is set to 0.56:0.10:0.02: 1, it is mixed. This mixture was heat-treated at 375 degrees C in air 
for 20 hours, and the positive active material which consists of powder of the lithium-manganese 
multiple oxide which grinds this and contains boron and Lynn was obtained. 

[0022] When the lithium-manganese multiple oxide which contains the boron obtained as mentioned 
above and Lynn here was measured according to the X diffraction, it is Li2 Mn03 to an X diffraction 
pattern. A peak and Mn02 shifted a little from the original peak location to the low include-angle side 
Only the peak was accepted. In addition, MnO [ in / in this way / an X diffraction pattern ]2 It is Mn02 
that the peak shifted to the low include-angle side. It is thought that it is because the lithium dissolved to 
inside. 

[0023] subsequently, the positive electrode which the weight ratio 85: 10:5 comes out comparatively, is 
made to mix the powder of the lithium-manganese multiple oxide containing the boron which is the 
positive active material obtained as mentioned above, and Lynn, the carbon black powder which is an 
electric conduction agent, and the powder of the polytetrafluoroethylene which is a binder, and consists 
of this mixture — mold shaping of the mixture was carried out disc-like, this was dried at 250 degrees C 
in the vacuum for 2 hours, and the positive electrode was produced. 

[0024] In producing [production of negative electrode] negative electrode, the negative electrode which 
pierced the lithium-aluminium alloy produced electrochemically and became disc-like was produced. 
[0025] It is lithium trifluoromethane sulfonic-acid imide LiN(CF3 S02) 2 as a solute to the mixed 
solvent with which propylene carbonate (PC) and 1 and 2-JIMETOSHI ethane (DME) were mixed by 
the volume ratio of 1:1 in preparing [preparation of nonaqueous electrolyte] nonaqueous electrolyte. It 
was made to dissolve so that it may become the concentration of one mol/L, and nonaqueous electrolyte 
was prepared. 

[0026] In producing [production of cell] cell As shown in drawing 1 , between the positive electrodes 1 
and negative electrodes 2 which were produced as mentioned above The separator 3 which consists of 
fine porosity film made from polypropylene into which the above-mentioned nonaqueous electrolyte 
was infiltrated is made to intervene. These are made to hold in the cell case 4 formed by positive- 
electrode can 4a and negative-electrode can 4b. While connecting a positive electrode 1 to positive- 
electrode can 4a through the positive-electrode charge collector 5 which consists of a stainless steel plate 
(SUS3 16) A negative electrode 2 is connected to negative-electrode can 4b through the negative- 
electrode charge collector 6 which consists of a stainless steel plate (SUS304). This positive-electrode 
can 4a and negative-electrode can 4b were electrically insulated with the insulating packing 7 made 
from polypropylene, and the lithium secondary battery of the flat coin mold with which the diameter 
was set to 24mm and thickness was set to 3mm was obtained. In addition, when the internal resistance 
before making this lithium secondary battery charge was measured, it was about lOohms. 
[0027] In these examples (Examples 2-7) In obtaining the positive active material which consists of a 
lithium-manganese multiple oxide containing boron and Lynn in production of the positive electrode in 
the above-mentioned example 1 Lithium-hydroxide LiOH, boron oxide B-2 03 Manganese dioxide 
Mn02 containing the phosphoric acid with which the atomic ratio (P/Mn) of Lynn P to Manganese Mn 
was set to 0. 10 Manganese dioxide Mn02 which does not contain the phosphoric acid Make the rate to 
mix change, and as shown in the following table 1, the atomic ratio (Li:B-:Mn) of a lithium, boron, 
Lynn, and manganese In an example 2, it sets in the example 3 0.515:0.01:0.02:1. To 0.535:0.05:0.02:1 
In an example 4, it sets in the example 5 0.585:0.15:0.02:1. To 0.61:0.20:0.02:1 In the example 6, to 
0.555:0.10:0.01:1, it is made to be set to 0.60:0.10:0.10:1 in an example 7, and each positive electrode 
was produced like the case of the above-mentioned example 1 except it. 

[0028] And each lithium secondary battery of examples 2-7 was produced like the case of the above- 
mentioned example 1 using each positive electrode which carried out in this way and was produced 
except it. 
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[0029] In production of a positive electrode [ in / on this example of a comparison, and / the above- 
mentioned example 1 ] (Example 1 of a comparison) Manganese dioxide Mn02 which contains a boron 
compound and a phosphoric acid in obtaining positive active material It is made not to add. Lithium- 
hydroxide LiOH, Manganese dioxide Mn02 which does not contain the phosphoric acid It mixed so that 
the atomic ratio (Li.Mn) of a lithium and manganese might be set to 0.50: 1, and the positive electrode 
was produced like the case of the above-mentioned example 1 except it. 

[0030] And the lithium secondary battery of the example 1 of a comparison was produced like the case 
of the above-mentioned example 1 except using the positive electrode which carried out in this way and 
was produced. 

[003 1] In production of a positive electrode [ in / on this example of a comparison, and / the above- 
mentioned example 1 ] (Example 2 of a comparison) Manganese dioxide Mn02 which contains a 
phosphoric acid in obtaining positive active material It is made not to add. Lithium-hydroxide LiOH, 
Boron oxide B-2 03 Manganese-dioxide Mn02 </SUB> which does not contain the phosphoric acid It 
mixed so that the atomic ratio (Li:B:Mn) of a lithium, boron, and manganese might be set to 0.60:0. 10:1, 
and the positive electrode was produced like the case of the above-mentioned example 1 except it. 
[0032] And the lithium secondary battery of the example 2 of a comparison was produced like the case 
of the above-mentioned example 1 except using the positive electrode which carried out in this way and 
was produced. 

[0033] In production of a positive electrode [ in / on this example of a comparison, and / the above- 
mentioned example 1 ] (Example 3 of a comparison) In obtaining positive active material, it is made not 
to add a boron compound. Lithium-hydroxide LiOH, manganese dioxide Mn02 containing the 
phosphoric acid with which the atomic ratio (P/Mn) of Lynn P to Manganese Mn was set to 0. 10 It 
mixed so that the atomic ratio (Li-:Mn) of a lithium, Lynn, and manganese might be set to 0.535:0.02: 1, 
and the positive electrode was produced like the case of the above-mentioned example 1 except it. 
[0034] And the lithium secondary battery of the example 3 of a comparison was produced like the case 
of the above-mentioned example 1 except using the positive electrode which carried out in this way and 
was produced. 

[0035] Next, after charging each lithium secondary battery of the examples 1-7 produced as mentioned 
above and the examples 1-3 of a comparison to charge termination electrical-potential-difference 3.2V 
by 10mA of charging currents, respectively, It carries out by making it discharge to discharge-final- 
voltage 2.0V by 10mA of discharge currents, and repeating charge and discharge by making this into 1 
cycle. The initial discharge capacity of 1 cycle eye in each lithium secondary battery was calculated, it 
asked for the number of cycles until the discharge capacity of each lithium secondary battery falls below 
to one half of initial discharge capacity, and the result was shown in the following table 1 . 
[0036] 
[Table 1] 
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[0037] Each lithium secondary battery of the examples 1-7 which used the lithium-manganese multiple 
oxide containing boron and Lynn for positive active material so that clearly from this result It compares 
with the lithium secondary battery of the example 1 of a comparison which used for positive active 
material the lithium-manganese multiple oxide which neither boron nor Lynn contains. The number of 
cycles until the discharge capacity of a lithium secondary battery falls below to one half of initial 
discharge capacity increases remarkably. Moreover, even if compared with each lithium secondary 
battery of the examples 2 and 3 of a comparison which used the lithium-manganese multiple oxide only 
containing either of boron and Lynn for positive active material The number of cycles until the 
discharge capacity of a lithium secondary battery falls below to one half of initial discharge capacity 
increased, and the charge-and-discharge cycle property was improving. 
[0038] In these examples (Examples 8-1 1) As only the class of solute used in preparation of the 
nonaqueous electrolyte in the above-mentioned example 1 is made to change and it is shown in the 
following table 2 at the solute of nonaqueous electrolyte an example 8 — setting - lithium pentafluoro 
ethane-sulfonic-acid imide LiN(C2 F5 S02) 2 an example 9 - setting - lithium trifluoromethane 
sulfonic-acid methide LiC(CF3 S02) 3 an example 10 — setting — trifluoro methansulfonic acid lithium 
LiCF3 S03 It sets in the example 1 1 and is the hexa fluorophosphoric acid lithium LiPF6. Each lithium 
secondary battery of examples 8-11 was produced like the case of the above-mentioned example 1 
except using the nonaqueous electrolyte which used it, prepared nonaqueous electrolyte, respectively 
and was prepared in this way. 

[0039] Moreover, also about each lithium secondary battery of the examples 8-1 1 produced as 
mentioned above, like the case of the above-mentioned examples 1-7 and the examples 1-3 of a 
comparison, it asked for the number of cycles until the discharge capacity of each lithium secondary 
battery falls below to one half of initial discharge capacity, and the result was shown in the following 
table 2 together with the result of the aforementioned example 1 . 
[0040] 
[Table 2] 
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[0041] [ when the lithium-manganese multiple oxide containing boron and Lynn is used for positive 
active material so that clearly from this result ] Also in each lithium secondary battery of the examples 
8-1 1 which used LiN(C2 F5 S02) 2, LiC (CF3 S02)3, LiCF3 S03, and LiPF6 for the solute of 
nonaqueous electrolyte It is LiN(CF3 S02) 2 to the solute of nonaqueous electrolyte. Like the used 
lithium secondary battery of an example 1 Compared with each lithium secondary battery of the 
examples 1-3 of a comparison, the number of cycles until the discharge capacity of a lithium secondary 
battery falls below to one half of initial discharge capacity increased, and the charge-and-discharge cycle 
property was improving. 

[0042] In these examples (Examples 12-23) As only the class of solvent used in preparation of the 
nonaqueous electrolyte in the above-mentioned example 1 is made to change and it is shown in the 
following table 3 as a solvent of nonaqueous electrolyte In an example 12 ethylene carbonate (EC) and 1 
and 2-dimethoxy ethane (DME) In an example 13 butylene carbonate (BC) and 1 and 2-dimethoxy ethane 
(DME) In an example 14 vinylene carbonate (VC) and 1 and 2-dimethoxy ethane (DME) In an example 
15 gamma-butyrolactone (gamma-BL) and 1 and 2-dimethoxy ethane (DME) In an example 16 a 
sulfolane (SL) and 1 and 2-dimethoxy ethane (DME) In an example 17 propylene carbonate (PC) and 1 
and 2-diethoxy ethane (DEE) In an example 18 propylene carbonate (PC) and 1 and 2-ethoxy 
methoxy ethane (EME) In an example 19 propylene carbonate (PC) and a tetrahydrofuran (THF) In an 
example 20 propylene carbonate (PC) and dioxolane (DOXL) In an example 21 propylene carbonate 
(PC) and dimethyl carbonate (DMC) In an example 22 propylene carbonate (PC) and diethyl carbonate 
(DEC) Each nonaqueous electrolyte was prepared using each mixed solvent with which propylene 
carbonate (PC) and ethyl methyl carbonate (EMC) were mixed by the volume ratio of 1 : 1 in the example 
23, respectively. 

[0043] And in these examples, each lithium secondary battery of examples 12-23 was produced like the 
case of the above-mentioned example 1 except using each nonaqueous electrolyte prepared as 
mentioned above. 

[0044] Moreover, also about each lithium secondary battery of the examples 12-23 which carried out in 
this way and were produced, like the case of the above-mentioned examples 1-7 and the examples 1-3 of 
a comparison, it asked for the number of cycles until the discharge capacity of each lithium secondary 
battery falls below to one half of initial discharge capacity, and these results were shown in the 
following table 3 together with the result of the aforementioned example 1 . 
[0045] 
[Table 3] 
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[0046] [ when the lithium-manganese multiple oxide containing boron and Lynn is used for positive 
active material so that clearly from this result ] At least a kind of organic solvent chosen from ethylene 
carbonate, propylene carbonate, butylene carbonate, vinylene carbonate, gamma-butyrolactone, and a 
sulfolane as a solvent of nonaqueous electrolyte, 1, 2-dimethoxy ethane, 1, 2-diethoxy ethane, 1, 2- 
ethoxy methoxy ethane, Also in each lithium secondary battery of examples 12-23 using the mixed 
solvent which contains at least a kind of organic solvent chosen from a tetrahydrofuran, dioxolane, 
dimethyl carbonate, diethyl carbonate, and methylethyl carbonate Compared with each lithium 
secondary battery of the examples 1-3 of a comparison, the number of cycles until the discharge 
capacity of a lithium secondary battery falls below to one half of initial discharge capacity increased like 
the lithium secondary battery of an example 1, and the charge-and-discharge cycle property was 
improving. 

[0047] In production of a positive electrode [ in / on this example and / the above-mentioned example 
1 ] (Example 24) In obtaining the positive active material which consists of a lithium-manganese 
multiple oxide containing boron and Lynn like the case of the above-mentioned example 1 Lithium- 
hydroxide LiOH, boron oxide B-2 03 Manganese dioxide Mn02 containing the phosphoric acid with 
which the atomic ratio (P/Mn) of Lynn P to Manganese Mn was set to 0.10 Manganese dioxide Mn02 
which does not contain the phosphoric acid It is made to mix so that the atomic ratio (Li:B-:Mn) of a 
lithium, boron, Lynn, and manganese may be set to 0.56:0.10:0.02:1. In heat-treating this mixture, 
temperature to heat-treat was made into 250 degrees C as shown in the following table 4, and the 
positive electrode was produced like the case of the above-mentioned example 1 except it. 
[0048] And the lithium secondary battery of an example 24 was produced like the case of the above- 
mentioned example 1 except using the positive electrode produced in this way. 
[0049] Moreover, also about the lithium secondary battery of the example 24 which carried out in this 
way and was produced, like the case of the above-mentioned examples 1-7 and the examples 1-3 of a 
comparison, it asked for the number of cycles until the discharge capacity of each lithium secondary 
battery falls below to one half of initial discharge capacity, and the result was shown in the following 
table 4 together with the result of the aforementioned example 1 . 
[0050] 
[Table 4] 
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[0051] In obtaining the positive active material which consists of a lithium-manganese multiple oxide 
containing boron and Lynn so that clearly from this result Lithium-hydroxide LiOH, boron oxide B-2 
03 Manganese dioxide Mn02 containing a phosphoric acid Manganese dioxide Mn02 which does not 
contain the phosphoric acid Also in the lithium secondary battery of the example 24 which made the 
heat treatment temperature 250 degrees C in heat-treating the mixed mixture Compared with each 
lithium secondary battery of the examples 1-3 of a comparison, the number of cycles until the discharge 
capacity of a lithium secondary battery falls below to one half of initial discharge capacity increased like 
the lithium secondary battery of an example 1, and the charge-and-discharge cycle property was 
improving. 
[0052] 

[Effect of the Invention] Since the lithium-manganese multiple oxide containing boron and Lynn was 
used for the positive active material in a positive electrode in the lithium secondary battery in this 
invention as explained in full detail above, it came to be controlled that nonaqueous electrolyte reacts 
[ this positive active material ] at the time of charge. 

[0053] Consequently, in the lithium secondary battery in this invention, it was prevented that the 
lithium-manganese multiple oxide containing the boron used for positive active material and Lynn 
dissolves in nonaqueous electrolyte, and the internal resistance of a lithium secondary battery rises, and 
the charge-and-discharge cycle property of a lithium secondary battery improved. 



[Translation done.] 
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